Nucleoli can be isolated from Tetrahymena in a yield of 30-60%. The isolated nucleoli contain rDNA (at least 90% pure) and have a protein to DHA ratio of 30:1. The endogenous RNA-polymerase activity of the r-chromatin has the following properties: (i) The in vitro transcript has a maximal size identical to the in vivo 35S rRNA precursor, demonstrating correct termination on the gene, (ii) 79% of the iji vitro transcript is complementary to cDNA of 17S and 25S rRNA which is close to the theoretical maximum for the 35S rRNA precursor, (iii) the elongation rate of the endogenous RNA-polymerase molecules is 9-12 nucleotides/sec, (iv) an average of 4-16 active RNA polymerases are associated with each rDNA molecule depending upon the preparation.
Among these systems nucleolar chromatin (r-chromatin) from Tetrahymena seems especially attractive since it contains only rDNA with a high percentage of coding sequences (i70%, cf. refs 11, 12) .
We have previously described a procedure for isolation of the r-chromatin from Tetrahymena . Considering the possible disadvantages associated with the procedures employed for solubilization of chromatin we have developed a procedure for purifica-tion of nucleoli in order to study the transcription of rDNA in a more intact chromatin state. The nucleoli can be isolated under extremely mild conditions probably because they are extra- 12 13 chromosomal and situated right under the nuclear membrane Each of the approximately 1000 nucleoli contains 5-10 rDNA molecules, which constitute a total of about 2% of the nuclear D N A 1 4 ' 1 5 . The rDNA itself is a giant palindrome with a molecular weight of 13 x 1 0 6 daltons 1 6 ' 1 7 . We will in this paper characterize the isolated nucleoli with respect to transcriptional properties. 10% glycerol, and 1 mM mercaptoethanol) at 4°C and exposed to gentle homogenization in a glass homogenizer. The extracted nuclei were removed by centrifugation at 500xg and the nucleoli in the supernatant layered on top of a 4.5 ml sucrose cushion (3.0 ml of 50% sucrose and 1.5 ml of 80% sucrose in 10 mM Tris pH 7.2, 140 mM NaCl, 1 mM EDTA, and 1 mM mercaptoethanol) in a SW27 centrifuge tube. After 30 min of centrifugation at 15,000xg nucleoli were collected in the bottom 3 ml of the cushion.
MATERIALS AIID METHODS
Analysis of DNA and RNA. The DNA composition of the isolated r-crhomatin was analysed on 0.7% agarose slap gels and the DNA was stained by ethidium bromide. RNA-size studies were done on Hybridizations. In vitro transcription product for hybridization was synthesized from the nucleolar preparation under standard assay conditions except that the ATP concentration was 15 pM 3 2 (4 Ci/mmole of a P-ATP) and UTP and Hg-UTP were present in concentrations of 6.0 pM each. The transcript was cleaved at pH 11
to an average size of 800 nucleotides and purified on Thiol Sepharose 4B (Pharmacia). Fixed amounts of transcript were titrated with cDNA from 17S and 25S rRNA, separately and combined. The samples were incubated to a Rot of 0.7 mole • liter • sec , which is sufficient to drive more than 95% of the complementary sequences into hybrid (the kinetic complexity of the precursor rRNA correspond to a Rot^ of 2.3 • 10~2 moles • liter" 1 • sec" 1 ).
Hybridizations and assays of hybrid resistant to Si nuclease were done according to the method of Hell et a±. The amounts of cDNA and transcript were calculated from the specific activity of H-dCTP and a P-ATP assuming equal representation of all four bases in cDNA and transcript. For control hy-3 2 bridization Tetrahymena ribosomes were labelled _in vivo with Porthophosphate (specific activity ^300.000 cpm/yg). The ribosomes were extracted with phenol-chloroform and total 17S + 25S rRNA collected from SDS-sucrose gradients without prior separation of subunits. The rRNA was nicked as above and challenged with cDNA of 17S and 25S rRNA in order to get estimates of the background caused by secondary structure, and the maximal efficiency of the hybridization.
RESULTS
Preparation of nucleolar bound r-chromatin. In exponentially growing cultures of Tetrahymena the nucleoli are situated directly under the macronuclear envelope. They can be extracted from nuclei in physiological ionic strength buffers and isolated as outlined in Figure l(see Materials and Methods for details). The extracted nucleoli are separated from the nuclear complex by a 500xg centrifugation.Of the total nuclear RNA-polymerase activity, 50-80% is associated with the nucleoli in the supernatant, further purification of the nucleoli is obtained by sedimentation into a 50-80% sucrose cushion. The bottom 3 ml of the sucrose cushion contains 20-50% of the RNA-polymerase activity applied. The purification table for a typical experiment is presented as Table 1 . More than 90% of the DNA in the nucleolar preparation is rDNA, as seen from the agarose gel in Figure 2 . The identity of rDNA has been determined by its size, buoyant density, EcoRl digestion The culture was grown over night in the presence of 3 H-labelled thymidine. Protein, DNA, and RNA-polymerase activity were determined as described in Materials and Methods. pattern and hybridization properties . About 1% of the total DNA can be isolated as rDNA in nucleolar preparations. The isolated nucleoli are purified 300 fold with respect to cellular protein.
The RNA-polymerase activity in the isolated nucleoli varies be- The iji vitro transcription is not inhibited by a-amanitin but it is inhibited more than 97% with 20 yg/ml actinomycin D.
Hybridization of the In vitro synthesized RNA with 17S cDNA, and 17S and 25S cDNA combined gave saturation levels of 26% and 70%, respectively, with a background of 15% ( Figure 3A+C ). Parallel experiments with In vitro synthesized 17S plus 25S rRNA gave saturation levels of a 35% and 85% with a background of 12% (Figure 3D+F) . The equivalence point determined from the titration curves shows the presence of about 50% endogenous rRNA in the transcript. A similar conclusion can be drawn from the RNA to cDNA ratio of the isolated hybrid (results not shown). The endo- In order to estimate the elongation rate for the RNA polymerase the r-chromatin was stripped for iji vivo synthesized RNA chains by a 5 min incubation at 25°C with pancreatic RNase (2.5 ng/ml) followed by an additional sucrose cushion centrifugation.
Gel studies with labelled RNA have demonstrated that no residual
RNase could be detected after this additional sucrose cushion purifucation. The stripped nucleoli were incubated with labelled triphosphate for the indicated periods of time, RNA isolated and the size estimated on 1.9% agarose gels. The time course of the reaction which is shown in Figure 5A+B demonstrates that short RNA chains (<4S) attached to the polymerase on the treated chromatin are elongated. The RNA polymerases elongate the chains with the rates given in Table 2 .
Within the first 6 min of incubation we observe a nearly synchronous elongation of the small chains indicating that all R1JA-polymerase molecules move on the gene with nearly the same rate.
The reason for the gradual reduction in the elongation rate after the first 6 min of incubation is at the present unclear, but B. RNase-treated nucleoli (200 yl) were incubated with 32 P-labelled ATP-assay mixture in a total volume of 500 yl. Aliquots of 75 yl were taken at the following time points: (1) 1 min, (2) 3 min, (3) 6 min, (4) 12 min, and (5) 25 min. All samples were deproteinized and applied on a 1.9% agarose gel in 5 M urea. 
